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(57) Abstract: A compound specifically 
bonding to a base sequence of a double- stranded 
nucleic acid molecule. With the compound, 
the electrochemical signal/noise ratio (S/N) 
in electrochemical detection can be lowered 
and, as a result, the detection sensitivity 
(precision) can be greatly improved to enable 
the determination of ultratrace nucleic acid 
molecules. It is a ferrocene compound 
represented by the general formula (I): wherein 
A represents a divalent ferrocene-containing 
linker or ferrocen-l,l'-yl; R 2 represents 
hydrogen or alkyl; n and m each indicates any 
natural number; and the segments made up 
respectively of V's and X's bonded to each 
other each is a pyrrole/imidazole/polyamide 
(PIPA). Also provided are: an electrochemically 
active ligand for the sequence- specific detection 
of a double- stranded nucleic acid molecule, 
which comprises the ferrocene compound; 
a method for the sequence-specific detection 
of a double- stranded nucleic acid molecule, 
which comprises using the ligand; and an 
electrochemical detecting apparatus or device 
which employs the ligand. 
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20 3^ Kanagawa (JP). 

(74) ftlA: PpISP iEt< (ABE,Masahiro); T 274-0825 =F H 
B3?S 1 001^ Chiba (JP). 

(81) ftgBf**0)S:^By, £T(D««<DBIrtfilHtt< 

pTfEj: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, 
NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, 
SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, 
US, UZ, VC, VN, YU, ZA, ZM, ZW. 



(84) »gBf*S(D4l^y, ^TCDa^CDj£lHteiI 
J^rT#£): ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, 
SD, SL, SZ, TZ, UG, ZM, ZW), J.-7VT (AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM), 3 — □ V /< (AT, BE, 
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, 
IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), 
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG). 
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10 DNAv'-f i'DTM (DNAf l£X ^ -f K^"^X^^U=i> 

ii±nD n Awmmft (yn-y) ^^^iz^^ro^axDm^^ 

mm.LfzR NAXIiDN AUn h) 4/\-f 7U^-f XL N /\ 

15 CDTrfe^oX. I0«kaftDNA7'f^n7U'flix 1 ±IS^M ( S N 

P) (Dtk&\z&mm$ti% <k 3 i;i&^t #TU3 0 

rfrl££tiTl^?> D N Af'y ^CDftSttfjftfeCDi: It, ^S]Af f i metrix 
^tm^LTl^ ^77^ h'J'y ^XSj ^ ^1X^7 >7 

20 ^li^##:APXfefi|ij^fflUT, vU^>ai±l:DNA7D 

; m.(D7n-7'%:mi£-fZ>^h1$&%kZ>o X^ >7 * - V %L(D ^ v 7 [t^ 
4f)fflIUfeDNAiM-^X7^f KIHTLTfUo d ft t> © «y I;: 

25 ff a ilS^Trfe^o 

electrochemical Array: ECA^ v 7) $> Hfl#§£ tlT £ 75: (Drummond, T.G.; 
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•Hill, M.G.; Barton, J.K. Natl. Biotechnol. 203, 21, 1 1 92-1 1 99 ) Q 

£ (Fan, C; Plaxco, K.W.; Heeger, A. J. Proc. Natl. Acad. Sci . USA, 
2003, 100, 9134-9137) 0 ICs ~P x. Ji □ -tz ><fb^ 7 # U > $M ^ KI§! 
10 #f*^£^ >^-±jb-S^fiJh Ltfffl LfcDNAfy XRtf^-tlfe 
fflU3£«3rj&#*HS£*tTl*3 (ftKJ 2 0 0 3 - 3 0 &tf x 
&m 2003-83968 -^^$S) 0 

— ^Tr s a» 6itisX(±8Sft:-e35 5'\7' tT >MCDtn - ;U ■ f 5: ^ 

LlIftPIPMb^yoCD-tjmik&mmZ tit:: (Mrksich, M. ; Parks, M. E. ; 
Derevan, P.B. J. Am. Chem. Soc. 1994, 116, 7983-7988) Q Its 7u 

cd pipaiz fe if & m&mmz £ o r ^ 1 &^st5K*A^ 

<$g^£*i7c 0 ^Oxlis U < o/XDSff^^U-^li, ^feJS (Rucker, 
20 V.C.; Foister, S.; Melander, C; Dervan, P.B. J. Am. Chem. Soc. 2003, 
125, 1195-1202). Xl&7)l*)litm (Wang, Y-D.; Dziegielewski , J.; 
Wurtz, N.R.j Dzielewska, B.; Dervan, P.B.; Beerman, T. A. Nucleic 
Acids Res. 2003, 31, 1208-1 21 5ffe) \Z J: K> 7t<D?lPH(Dm&%i&M LT 

. zft&&fc^&mv-)\,&&Tfm&%}te&imMii Lxfom-tz zt& 

25 L 7c o 

A Zfi Id Mt" S tf □ - )l £ 4 5 y V - JKD&LfQte h SB^iJ £ 2ft 
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LfeZ hTb^g^-^tiTUi) (Foister, S.; Marques, M. A.; Doss, 
R.M.; Dervan, P.B. Bioorganic Med. Chem. Lett. 2003, 11, 4333-4340 

5 m±m i]#i2oo3-3oo &m 

[^1^1*2] ^112 0 0 3 -8 3 9 6 8-f§-£tfB 
[^ffl^Fti 1 ] Fan, C; Plaxco, K.W.; Heeger, A. J. Proc. Natl. 
Acad. Sci. USA, 2003, 100, 9134-9137 

[^#I f F^ft^2] Mrksich, M.; Parks, M. E.; Derevan, P.B. J. Am. 
10 Chem. Soc. 1994, 116, 7983-7988 

[3N#I^F l£i§K 3 ] Rucker, V.C.; Foister, S.; Melander, C. ; Dervan, 
P.B. J. Am. Chem. Soc. 2003, 125, 1195-1202 

[^M4] Wang, Y-D. ; Dziegielewski , J.; Wurtz, N.R.; 
Dzielewska, B.; Dervan, P.B.; Beerman, T. A. Nucleic Acids Res. 2003, 
15 31, 1208-1215 

IrF^CiK 5 ] Foister, S.; Marques, M. A.; Doss, R.M.; Dervan, 
P.B. Bioorganic Med. Chem. Lett. 2003, 11, 4333-4340 

20 mm-hm^is^^ t-tzmm 

25 *£th^ s mt>, iifbfv^tj^y 4 xtt (s/n) 

3 



WO 2005/087784 



PCT/JP2005/003440 



10 



15 



20 
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Xb^to : . R2 
[<b 1 ] : | 



(-ISsS ( I ) 4"s A li - Iffi© 7int U >^j-X(*^xn-tr > 

-1,1' -4 )l-C~fo *Q s R ! (±7k5SlS : ?XI±7 r ;U + ;i/fe^ Us n&t/mli 
ffiOS^ife^U^ VRTfXlt&TCD-Mtt ( I I ) Xtt ( I I - 1 
) : 





Lit 2] 



\ 




CH 3 

(I I) 



WO 2005/087784 



PCT/JP2005/003440 



[lb 3] O 



5 




(I I — 1 ) 
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Mb 4] 




(— las; (ii) ^tf-i&sS (iii) ui±M3Rii^ ^<^->s x 

lit Ka*i>^>&7F-r) ; 
Z li-JKsS (IV) XI* ( V ) Tifc t) : 
20 [<b 5 ] 
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[lb 6] 
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V 

E.O N — «SS£ ( I ) l:fcUTV1 ©7iOt>$tU >7J-Xlt7x 
o-fe>-1,r --nURiJCDJS-a-li (-CO-N R 2 -) Tr&O. Zrtllikft 
10 CO^V n&lfX m<DM«SI± (-CO-NH-) fe^&J&filctS ) KlfikS 

o 

_hia— Jt85£ ( i ) -ztfz tiz*ft*jMb'&m*, -mo? 3i n-t 

( P I P A ) Hi«^e)«fiK*tLS fe©-CfeSo 
15 lot, 7iDt>d*iJ >pb-li-7^n-fe>S^^^-. ±lB(D^fg 

nSt/mlix $?£U<I±3~2(K «fc!3#£L<l;J:3~1 OCDtSfflcD 
gg*tfc-e£> ■? s ICs *%Wib-&y!KDZ7 Jini2>^^ij >^-cDMiit 

$fc#S*&ttl;i*f U < cfc a Id. n lim J; "9 -o'>& 35 S 3 # 

LU 0 

~m<DZ7 3ia-iz>^y^\J >±- (A) GDfcPSgtfiJt UT S J^TCD— JlS^ 

( v I )\ -jta^ (vii) xi*^; ( x ) : 
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10 l±s^S 0 fr£ 5 £T?a>!Egfe fc^lt* § dh^ai^So R , x R 2 

-tZ>7 Z htm * UUo 

±IBfb^#)CD-aW!lh LTv TI3=»aSSi (VII 1X1*1 a). ( I 

x) s ( 1 b ) N ( 1 c ) N ( 2 ) »tr ( 3 ) -raiafiSfb^totfd&So 
15 [<fb 1 o] 
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-m^, (i) -efrszti&y jLd-hyit^^mm-t^ztiz^^T:, m 
m,ib¥ftw-itiiztei+z > nn,ib ! ¥i'?ih)itt; 4 xtt (s/n) 

m 1 it, 2 Trf#£tl7c 1 5 iflsD N ACD>jt^(Z)C D7D7-< — 

10 JUTrfe^o MJJ&l±x 10mM KC1 , 10mM MgCl 2 5mM CaCl 2 OmM^j =] v 

Wt± h 'J (pH 6.9) lZ-aft)tife 0 

m 2 lis mmm 5 -ef# stifc 1 1 n acq^^odc D7a7-f- 

JUTr£>£ 0 a) 1a (0-1. 8^») b) 3 (0-1. 6^i) c) 
2 (0-2. Omm) I3«1;5DN A -Mfl ( 5 mM ) CD >j£^ £ ^ if 0 
15 H|3[i s 6 CDi7--r ^ U >y ^tK^ h'J - (C V) IZ£Z>U 

it^^i (5 mM) ^IILT, 0.2 M NaC10 4 ^^N,N- is* fi^iU7 
5 K^TriBiJ^ Ufeo b77b >xmtl : AgC12 ; ±i <j? >^-fi : Pt ; 

ftwhnm : Pt. 0 

20 

3^ & -r £ <& o g& (Djfz m 

*^l:fc^Tx D N A&tfR N A f£oT s 

femfr^ii LTUfc. D N A - D N A&7J' D N A - R N A«f A^StlS o 

25 fc!fclZ£z>-cmm£ Hfcc D N AXte^-OWftf-* 3 

§o -73s ^D-^i: LT{g^-ri)MIt^Th LTIi. c D N AXlif 
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# \Z It m £P CD ft ffi ft »II T! & 3 o 

ge^^ n & *&£B & & -*mm8t&=? i£ e i± s g / c m.^n 

RlfA/T (U) -J&5£ (I) * ©tt/fo-T 3 &g V 

;usi?ilf*:/«l3H*-^*fift**L5 «fc a iz*$SEfb^%a>«st£iS!tt-*-3 

10 3 htffcbJfcSo S+BlZfcltS /W -tf- v a >£l£ffllJ- 

§J)^LTs DNAY007M (DNAfy7) fefflU§75fe4 

lif§JI (0!lx.fix «»<b^5=-«y axf±ECA5^ya) g^[i^H#t^^P 

-f £ 'J y £ tK;u* >y h'J- (cv) s u >s>-wun o ;ux7j?ju 

20 h'J - (DPV) s U — T 7 X -< — ^7jx";U £ ^ ^ "7 ^ - J; tf/tf 

#^^^-^fI^It^^comm'fb^^^{±l^)5feli. -J^S^M (S N P 

) «toD^M»«fs i&mmcDy&fe, mfc^mm, 
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Fe n — Fe H n H V 
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vi) C-N — N NH 2 



vii) 
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25 
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fa(D{b^&feVk(DffijD%%mL-cmm£*ifeo p i p AWMvwmit, 

5 CGC/GCGiB^J 13 f £ 3 h & @ *g U TfSfr £ ft 0 

7i n-tz >v±i>iU^>lty (2) li2-^7 □ U 
^ ACT) 3 ^-fb^CCMPI) (Bald, E. ; Saigo, K. ; Mukaiyama, T. Chem. Lett. 
1975, 1163-1166) &fflUT N N - t -7 h * v ±) tK - Jb-1 , 3- ^DM 0 
>v75>i:$g^U, 8 7%CZ)^^^f#fe 0 » £ tif^t^ ( 3 ) teT 7 
10 Utt7K^^Tr^iiLT^^^>Ig (4) l3^^Ufe 0 3- 

^7h>It^^>'Uh$^^UT77ic nHz >$S^J--»y h (5 ) %m 
f- : 6 2%) 0 

• -r ^y-,iu£i3^£#A^3 ±iS'fbi^#] ( 

15 6 ) : 9 3%) Q fb^#) ( 6 ) CDMm± ^tf'* N 

£ □ □ - 1 5^ k! U v-^Aa ^'^b^Sfflo^^3-- h □ tfn -JUi 
Mi* ( 9 ) C^TR^-fbl^^oT^CZD^Trii® L7C3-7 7 ~ ^ tf □ - ;USSi3*fls: 
(10) h^^-Ls <b^#l ( 7 ) (ifc* : 6 2%) 0 3CD{b^^ 

( 7 ) H 2 C 1 2 *<7) 1 0%TF A ftfcS-CiPTk^* b T 7 ^ > ( 

20 8 ) £f#fc : 7 1 %) 0 

outs fb£-#)8 (187.6mg J 0.477mmol)^±t'fb^^ U >(4. 77ml ) iZ : M 
8?£H±s v^V7n \f.)V^L^-)V7 5: >(0. 162ml ,0.947mmol)h 0-(^> 
7 h U T 7 JU)-N J N ) N' ,N' -5r h^*^>>U^ □ — r> A ^ + 

7Wd7*77i- K361.8mg,0.954mmol) h bTfiPx. ( 

25 Dourtoglou, V.; Ziegler, J.-C; Gross, B. Tetrahedron Letters 1978, 
15, 1269-1272ffe) s MT?30#IH8IS# Ufc 0 ooUT. SiJ^^r^Lfe 
(Baird, E. E., Dervam, P.B. J. Am. Chem. Soc, 1996, 118, 6414-6416 
) t))lJii>m. (11) &Jfifb*^U >( 4. 8ml) I;: 
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Sv^^i^ n?h^77^ -&ffllNTffiSiM#fc(349mg,61%)o - 
©1b^O>8ta£l±x 1 H - N MR^If 1 3 C — N MR^iiLfco 

5 

1 H-NMR(DMS0-d6) <5 1 . 59-1 . 65( 2H, m ), 2.15( 6H, s ), 2.26-2.28( 2H, 
t, J =7.1 Hz), 2.56-2.59( 2H, t, J = 7.0 Hz ), 3. 18-3. 22( 2H, m,), 
3. 37-3. 50( 6H,m), 3.81 ( 3H, s ), 3.83( 3H, s ), 3.85( 3H, s ),3.94( 
3H, s ), 3.97( 3H,s ), 3.99( 3H, s ), 4.27-4.30( 4H, m), 4.73( 4H, 

10 s), 6.88(1H, d, J = 1.7Hz), 6.94(1H, d, J = 1.5 Hz), 7.02( 1H, s 
), 7. 1 6(1 H, d, J = 1.7 Hz),7.19(1H, d, J = 1.5 Hz), 7.26(1H, d, J 
= 1.7 Hz), 7.35-7.36( 2H, m), 7.46(1H, s ), 7.49( 1H, s ), 7.86-7, 87( 
1H, t, J =5.6 Hz), 7. 91-7. 93( 1H, t, J =5.5 Hz), 7.98-7.80( 1H, 
t, J = 5.5 Hz), 8.05-8.08( 1H, t, J = 5.7 Hz),9.77( 1H, s ), 9.88( 

15 1H, s ), 10.03( 1H, s ), 10. 06( 1H, s ), 1 0 . 1 9( 1H, s ) 

13 C-NMR(DMS0-d6) (5 27.2, 35.1, 35.1, 35.3, 36.0, 36.1 , 36.2, 36.4, 
36.5,37.4, 38.8, 39.0, 45.3, 57.3, 69.8, 71.7, 71.8, 77.9, 78.0, 
79.3, 104.1,104.8, 106.1, 114.6, 114.9, 118.0, 119.4, 119.6, 121.4, 
20 1221.7, 122.2,122.3, 122.4, 123.5, 126.6, 127.2, 134.1, 134.4, 

136.2, 138.9, 155.9, 156.3,158.9, 158.9, 159.2, 161.2, 168.2, 168.6, 
169. OMS m/z calcd for C55H66FeN1 909+ : 1192.46403 , found 
1192.37089. 

25 mmiz, tff;t5£ (ix) <Dfc&®&i&Tiz7F-?£.jfo7>*-j±-e'£mi, 

fee »&ftfcfb-&4to©«3i[±x 1 H-NMR&7J- 13 C-NMR-e*i§SL 

?C. o 
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C<b 1 8 ] 

o o 

" NH2 ^ ^-^.m-Py-«m <^-N^, m - Py - Im 

COOMe ^-COOMe ^ >^-COOH 

Me 
O \ 
H \\ Me 




.N- 




^ o 

Me 



Me \ 

Me 



'H-NMR(DMS0-d6) 6 1 . 57-1 . 63(2H, m), 2.13(6H, s), 2. 22-2. 25(2H, t, J 
= 6.9 Hz),3.16-3.20(2H,dd, J = 6.9 Hz), 3.76(3H, s ), 3.79(3H, s 
), 3.82(3H, s ),3.85(3H, s ), 3.96(3H, s ), 3.99(3H, s ) 4.04(3H, 
t, J = 1.8 Hz ), 4.35(3H,t, J = 1.8 Hz), 4.85(3H, t, J = 2.0 Hz), 
4.95(3H, t, J = 1.8 Hz), 6.88(1H,d, J = 1.7 Hz), 6.97(1H, d, J = 
1.7 Hz), 7.03 (1H, d, J = 1.0 Hz), 7.07 (1H,d, J = 1.7 Hz), 7.19-7.20 
(2H,m), 7.37 (1H, s ), 7.38 (1H, s ), 7.49 (1H, 
s ), 7.52 (1H, s ), 8.07-8. 10(1H,t, J = 5.6 Hz), 9.13(1H , s ), 9.51 
(1H,s ), 9.90 (1H, s ), 10.16 (1H , s ), 10.25 (1H, s ), 10.35 (1H, 
20 S ) 

13 C-NMR(DMS0-d6) 527.3, 33.6, 35.1, 35.3, 36.2, 36.4, 36.5, 37.4, 
45.4,57.4, 61.9, 65.7, 69.3, 71.1, 78.3, 79.4, 96.1, 104.1, 105.4, 
106.1, 114.9,115.0, 118.0, 119.7, 119.8, 121.3, 121.7, 121.8, 122.3, 
25 122.4, 123.5, 126.6,127.2, 133.9, 134.3, 136.2, 136.3, 138.9, 155.9, 
156.3, 156.9, 158.9, 158.9,161.2, 165.7 

MS m/z calcd for C49H56FeN1 707+ : 1050.38980 , found 1050.40297. 
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mmm 2 : ( v 1 1 1 ) <o^.^m<D u a > k t ux^Mtt 

fiSISt- £ S^ts £ -y y h D N A (TTTCTGCGGCCGGAG/CTCCGGCCGCAGAAA 
: Tm= 67.1°C)-\(D^^-^ C DX^^ S ct X $|3E L 7c o ^(©MJH 
£HI 1 iZf^ U7c 0 El 1 li. ^Mb-^CDO, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 

*££rh(D*gS^ffll::J;oT\ 300-360n m \Z & 3 *f FUMfttfm 

(Pilch, D.S.; Poklar, N. ; Baird, E.E.; Dervan, P.B.; 
Breslauer, K.J. Biochemistry, 2002, 38, 2143-2151 ) Z h < £P £ 
tlTU^c j^ots $ —>f v SDN A(D5.0AM)§i^»t^ ^ h 13 
J:o-C. iiJg{£#t£<£>IEcD=i «y S >^^(DmiJUt^^>ti, 2 9 2 n m 13 
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O z N 



10 



15 



Viv 1) H 2l Pd/C, 3.0 equiv /#— N h 

" k/ OCH 3 ACOEU2H ^ H 0.6MNaOH ^ 



5 CH 3 ° 

H 2 N 1-OequiV DMF 1 h 



5 6h 3 o 6 " 



CH 3 ° 8 



1.0 equiv 1.0 equiv 9: R = -Et ^ 0,2 M NaOH 

EDC, DMAP C H 3 ° N ^ ^ U OR 10 :R = -O N aV MeOH 50'C 

DMF, 10 h CH 3 ° N If 1 h 



0 2 N 



CH 3 



1.1 equiv 

■ , H 2 N^^N- 1)H 2 ,Pd/C ° 2 V: H 

? J^/ CC| 3 ' _ >-t, EtOH,4h /T\\ N 



CH3 H 3 C I ^N^Oequiv • 6h 3 ° N' « 

11 R 2 = -(CH 2 )3N(CH 3 ) 2 |^^y cc, 3 14 



CH 3 ° 



6h 3 ° >^f 



12 * CH 3 ° 13 

DMF, 30 min 



1)H 2 , Pd/C 
MeOH, 4 h 

~2) " 

q 2 n 1.3 equiv CH 3 ° Y H V / NHr2 

CH 3 °11 1S:X = -N0 2 

DMF, 10 h 16:X=NH 2 
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COOH 

Fe 

■COOMe 
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1 .0 equiv 
H 2 N(CH 2 ) n NHBoc 

1.2 equiv 2.4 equiv 
°MPI A7-Bu 3 N 



0 1)2.0 equiv 



Fe 



H 

COOMe 



1.1 equiv 
0.1 M NaOH 
MeOH 

1 h 



22a: n=2 
22b: n=3 



O 

^^N-r^NHBoc 
Fe 



O 



! ^>COOH 



24a: n=2 r m=2 
24b: n=2, m=3 
24c: n=3, m=2 



MeOH 



2) 1.0 equiv 



HCh H 2 N^ C OOEt 



1 .2 equiv 
CMPI 



3.4 equiv 
NEta 



^NHBoc 



O 



23a: n=2, m=2 
23 b: n=2, m=3 
23c: n=3, m=2 



15 



1)H 2 , 10%Pd/C 
MeOH 4 h 



2)1.1 equiv DCC ^S>^ H 9 . , N . 

1.0 equiv 24a, 24b or 24c O * 'm NH-Py-lm-Py-^ '2 



1.0 equiv 24a, 24b or 24c 

25a: R= r-Boc, n=2, m=2 10% TRA 26a: R= H, n=2, m=2 
„, . . _ „ . 25b: R= f-Boc, n=2, m=3 26b: R= H n=2 m=3 



2.0 equiv EtN(/-Pr) 2 
1.0 equiv 10 



Method B for 2 ^jj^ H 0 ^ N 

20 + 26a (^NH-Py-lm-P yi f^ 

O 

1a: n=2, n=2 X= Py 
1b: n=3, m=2 X= Py 
1c: n=2 f m=3 X= Py 
2: n=2, n=2, X= /? 
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Lit 2 1 ] 



10 



15 



1)H 2l 10% Pd/C 
MeOH 4 h 



5% piperidine 
DMF, 30 min 



NH 2 



2) 1.0 equiv DCC 
1.0 equiv HOBt 
1.0 equiv NH-fMoc 

S^NHBoc 
OH 



27 



1.1 equiv 10 
2.0 equiv HBTU 
2.0 equiv EtN(/-Pr) 2 



<^~COOH 
11 equiv J=e 



1.0 equiv HBTU 
2.0 equiv EtN(/-Pr) 2 

CH 2 CI 2 -joh 



t-BocHN 



t~BocHN 




28 




!m-Py-lm 



\ 




NH-Py-I m-Py-]| / ^ / 
O 

29 

Im-Py-lm 



20%TFA/CH 2 CI2 



NH-Py-lm-Py^ 
O 



15 



mu&i&m 1 : 

1 -Methyl ~4~( 1 -methyl i mi dazol e-2-carboxami do ) py r rol e-2~carboxy 1 i 
c acid ( 7 ) 

20 AlKIBtttD^aflClck «9<b-&<l*l4 (Baird, E. E. ; Dervan, P. B. J. Org. 
Chem. 1996, 118, 6141-6146) tib&Wa 5 (Nishiwaki, E.; Tanaka, S.; 
Lee, H.; Shibuya, M. Heterocycles 1988, 5, 1945-1952.) cfc^sfe 
Ufcfbl^#] 6 (8. 8 g , 33. 6mmo 1 ) fti^-iK 2 3 4m 
L ) 0 . 6 M7kWt4b± h U f? Azk»» ( 1 6 8 m 1 , 1 1 0 . 

25 7 mmol ) ?&l)0is 7 0 °CTr 1 n$nflJft fr N U fc 0 SiSlCMUfeftx 3 N 
Jfi»€:*n;Lp H 3 . 0hUfeP^t^i;i>afe^^^SiJL<b^%9 (8 
. 1 g , 9 7%) £f#fe 0 
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1 HNMR(DMS0-d6) <5 3.82(3H, s), 3.97(3H, s), 6.97(1H, d, J = 2.0 Hz), 
7.03(1H, s), 7.38(1H, s), 7.47(1H, d, J = 2.0 Hz ), 10.48(1H, s), 
12.19(1H, s); 13 CNMR(DMS0-d6) (5 35.3, 36.4, 109.1, 119.9, 120.7, 
122.1, 126.6, 127.2, 138.8, 156.3, 162.1. Anal. Calcd. for C^MA 
5 : C, 53.22; H, 4.89; N, 22.57. Found: C, 52.45; H, 4.72; N, 22.34. 

2-Ethoxycar bony 1 -1 -methyl -4-{4-( 1 -methyl i mi dazol e-2-carboxami do 
)-1-methypyrro1e-2-carboxami do)i midazol e (9) 
10 7 5> J -)l (94. 4ml) lz*fl?£-fr x 10% P d/C 

( 1 . 1 8 g ) &ipis 7kmmmHT-c4mmmw£-£fro -b^w s?« 

»l:«t t>SJ6#fr& 1 0% P d/C&p&^feLs )II^aET§4Lfco 
iUTs -J* ^JU/fOU AT 7 5: K (1 0ml) fciniU MJEf£*Ufco S 
O^y^UTfrJUAT' 5 K ( 1 0 m 1 ) N (Baird, E. E. ; 

15 Dervan, P. B. J. Org. Chew. 1996, 118, 6141-6146) &%Q<Dit,'&% 8 
(5. 9g, 23. 6 m m o 1 ) N EDC (9. 05g,47. 2mmo 
1 ) £ y^f^7S y tUv>( 2 8 8 mg,2. 36mmol) ^An 

«fc«9S>*l&&3I&fT5 3:£l£J;&. fb£1fo 9 & 66*M*:T?#fc (5. 9 
20 g , 6 3 %) 0 

1 HNMR(DMS0-d 6 ) <5 1 . 28-1 . 30(3H, t, J = 7.1 Hz ), 3.85(3H, s), 3.93(3H, 
s), 3.98(3H, s), 4.25-4.29 (2H, dd, J = 7.1 Hz ), 7.03(1H, d, J = 
0.7Hz), 7.22(1H, d, J = 2.0Hz), 7.38(1H, s), 7.38(1H, s), 7.66(1H, 
25 s), 10.35(1H, s), 10.74(1H, s); 13 CNMR(DMS0-d 6 ) 6 14.3, 35.3, 35.7, 
36.5, 60.8, 106.4, 115.6, 119.8, 121.6, 122.2, 126.5, 127.2, 131.0, 
138.0, 139.0, 156.3, 158.7, 158.9: Anal. Calcd. for C 18 H 12 N 4 0 3 -H 2 0: 
C, 53.22; H,4.89; N, 22. 57. Found: C, 50.88; H,4.88; N,23.13. 
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Sodi um 

1 -methyl -4-{4-( 1 -methyl i mi dazol e-2-carboxami do)-1 -methypy r rol e- 
5 2-carboxami doji mi dazol e-2-carboxyl ate (10) 

itS^ 9 (3. 0g,7. 5mmol) &^;-iK37. 6ml 
) 7kMib-3- S U <t> l±7k®M ( 3 7 . 6ml, 7. 8 9 mm o 

i) feip^s 5 o°ctt 1 mmmwLfco m^izmLt^k, 1 NJais&iq 

10 afeS^{*&)JiS'J L<b^^ 1 0 &f#fe ( 2 . 8 5g,9 4%) 0 

1 HNMR (DMS0-d 6 ) <5 3.86(3H, s), 3.92(3H, s), 4. 01 (3H, s), 7.23(1H, 
s), 7.25(1H, s), 7.40(1H, s), 7.52(1H, s), 7.61(1H, s), 10.70(1H, 
s), 10.7K1H, s); 13 CNMR (DMS0-d 6 ) 6 25.6, 35.7, 36.5, 106.2, 115.3, 
15 119.9, 121.3, 122.4, 125.1, 126.6, 131.9, 137.3, 138.1, 154.7, 158.8, 
160.1. MS m/z calcd for C 16 H 18 N 7 0 4 + : 372.14203 , found 
394. 11781 [M+Na] + . 

20 2-(3-Di methyl aminopropyl ) ami nocarbonyl-1 -met hyl-4-nit ropy r role 
(12) 

*=?-)\,T 5. S 7n¥)\,7 ^> (-\ 2 . 6g,1 0 1 m m o 1 ) £ 
THF (10ml)l*Ls 0°CTx (Nishiwaki, E.; Tanaka, 
S.; Lee, H.; Shibuya, M. Heterocycles 1988, 8, 1945-1952.) 
25 <7Mb£i ^ 1 1 (2 5g, 9 2mmo1) MTUiDxfco SJ&*4IiS 
£lr±rj\ 1 B$|gi*j«N^ )S««:@5feUfeo »**^ J -)llZ<k K) 

#*SI&fefTlWb«&* 12 (19. 6 g , 84%) £f#fc 0 
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1 HNMR (DMS0-d 6 ) 6 1 .6(t, J=7.1Hz) , 

2.1(6H J s) J 2.2(2H,t;J=7.1Hz),3.2(2H J q,J=7.1Hz) 

3.9(3H,s),7.9(1H,s),8.1(1H,s) J 8.4(1H,t,J=5.5Hz). 

5 MM&MM 5 : 

1 -Methyl -4-( 1 -methyl -4-ni troi mi dazol e-2-carboxami do )-2-(3-di met 
hyl ami nop ropy 1 ami nocarbonyl ) pyrrole (14) 

^bl=r#J 12 (2. 8 g 3 10. 9 mmo 1 ) &y^y -JM4 4 m 

l ) 1 0% p d/c (545 m g ) ^ipxfeo ?kmmm 

fee Z(DM7M& D M F (10ml) t}§g?^H±. * £ 7 -)l%m£:-fZ> 
feisblZ, i*mW¥&lZ.teZ&-C&m Lfeo DMF (10ml) l:;^^ 
itfclfcift&fclCDfb^ 13 (3. 0 g , 10. 9 m m o 1 ) & 0°CTfin 
*©fftM*7?±l:f fee ?lofelI^2-7ny\V 
15 -;H?;ft;#Us <b^1 4£f#fc 0 (3. 68g, 90%).: 

1 HNMR (DMS0-d 6 )<51.6 (2H, t,J=7.1Hz), 
2.1(6H J s),2.2(2H,t;J=7.1Hz),3.2(2H,m), 3.8(3H,s), 
4.0(3H,s),7.0(1H,d,J=1.7Hz) J 7.3(1H,d 3 J=1 .7Hz), 
20 8.1(1H,t J J=5.5Hz),8.6(1H,s),10.8(1H J s). 
[0 0 7 5 ] 

1 -Methyl -4-{ 1 -methyl -4-( 1 -methyl -4-ni t ropy rol e-2-carboxami do ) i m 
25 i dazol e-2-carboxami do}-2-( 3-di methyl ami nopropyl ami nocarbonyl ) 
pyrrole (15) 

(3. 6g, 9. 6 mmol ) ^^^/-^ (38 m 
L ) IZSJBS-Itx 10% Pd/C (481 mg) ^j)0ifc o 7k SB ^ IS 
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feo I©5II^DM F (10ml) \Z)%mm±, S -Jl^m^-t^ 
fc#>U: N ^fI^¥^l^&^ST?±t}^L^o DMF (10ml)l:»llf* 
-£7Hbl§r#j 11 (2. 6g, 9. 6 mm o 1 ) & OXTAn^s ^(£>f£^ 

s^i15^|#fco(3. 5g, 7 4%).: 
1 HNMR (DMS0-d 6 ) 6 1 . 74-1 . 77(2H, t, J=6.1Hz), 2.27(6H, s), 
2.43-2.46(2H, t, J=6.1Hz), 3 . 49-3 . 53(2H, m), 3.86(3H, s), 4.05(6H, 
s), 6.57(1H, s),7.16(1H, s), 7.27(1H, s),7.44(1H, s), 7.61(1H, s), 
10 7.69(1H, s), 7.90(1H, m), 8.58(1H, s), 9.25(1H, s). 

2-Ethoxycarbony1-1 -methyl -4-{3-( frerf-butoxycarbonyl ami no)propan 
ami dojpyrrole (18) 
15 ;&ifi(Baird, E. E.; Dervan, P. B. J. Org. Chem. 1996, 118, 6141-6146. 
) &SPC7Mb£-#J 1 7 ( 5 4 6 m g , 2. 7 mmol) ^^y-JK 
1 1 mDl^^l^-tts 10% Pd/C (137 mg) *1)Q?Ltoo 

mmmT, m-ci . 5 mmmw n^^j^^m^^m^'Mm 

Z^^Lfco mm*i&<b*Tls>lZ®m£it, N-(tert-7h + 
20 ist> )l7r< — )l)-/3-T^ -> (518 mg, 2. 7 mmol), 1 - 

(578 mg, 3. 0 mmol) t 1-t h*D + v^>y h U 7V- 
)l (407mg,3.0 mmol) feiQx^ 2 H#BflMST\. L 
fee M^^U (50ml) ii7K ( 5 0 m L) 7rtttti M^- h U 
25 ^AT?'^i^-tt, ;IET;IiUfco il^v'J^^J^^A (1 1 g) 
T?»SiL<b^1 8=fef#feo (5 1 0 mg, 5 6%) : 

1 HNMR(DMS0) 51.27-1.30 (2H,t, J=7.2Hz), 1 . 36(9H, s) , 
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2.40-2.43(2H,t,J=7.2z), . 3 . 1 6-3. 20(2H 3 m) , 3.90(3H,s), 
4.23-4.28(2H,q,J=7.1Hz), 6.78(1H,ra), 7.51(^,8), 10.6(1H,s). 

5 2-Ethoxycarbonyl -1 -methyl -4-f 3-( 1 -methyi mi dazol e-2-carboxami do) 
propanamidoTpyrrole (19) 

ib&Wl 1 8 ( 5 1 0 m g , 1. 5mmol) III 0% h x )~? )VHru 
WW. I i&it*^ls> (24 ml_, 30 mm o 1 ) feiniU ^ST 1 

mmmwLfro (is m d -zwmk, mm± s u * at?«s 

10 *££-i±s 31^111^, :©»14DMFl:»»^t^ N, N ' -SM 
7 7n bfJUT ~ > (1 28/il, 0. 75mmol) Mbl=T^ 5 ( 4 
9 0 m g , 1. 8 mm o 1 ) ^iPi, g;ST 2 fl^ti££ L7c 0 £ □ 
JbA (3 0ml ) h?X (20 m L) Tftttti Us S&S£^ h U -±> ATrfz^i 
^i±ja^^4±feo 8SaSfr£> 5 □ QTlxJI/Afc^^ V7n tf JH - ^ JUd «fc 

15 19 s ¥?8fcJ»*fTtWb£-ttl 1 9 £f#fco (4 7 5 mg, 91%) 

1 HNMR(DMSO-d 6 ) <5 1 .26-1 .28 (3H, t, J=7. 1Hz) , 2.53-2.56(2H,t, J=6.8Hz), 
3.45-3.49(2H J m), 3.89(3H,s), 3.92(3H,s), 4. 22-4. 26(2H, m) , 
6.94(1H,s), 7.3K1H.S), 7.53(1H,s), 8.34(1H,m), 10.7(1H,s). 

20 

WM%J&m 9 

:2-pentafl uorophenoxycar bony 1-1 -methyl — 4— -f 3— ( 1 -methyi mi dazol e-2 
-carboxami do)propanami dojpyr role (20) 

fb^lll 9 (6 5mg, 0. 19 mmol) £ y -JU ( 1 . 

25 9 m L) {zmm£-&, 0 . 4 M TkMit^h h U £ AtK*}* (1.4m 
L, 0. 5 6 mmol) fciffliU 5 0 ° Clr 1 H$HJft8*Ufco 
^>SSTr;^*U. 1 M ig&fcffllxpH 2lZll«Ufco >*S8Ufc*M*:£ 2 
AV -;UTr^># Us *lt494Ufco»i«:DMF (1.3 m 
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h (68mL, 0. 39 m m o "I K t? U v > (32/iL, 0. 39 m 
mo 1 ) ^7J^>IiaTs ^Ml-V 1 lirWl^co »jftft0.1MJfi 
If ( 1 0 m 1 x 3 ) N 5 % JftlftTK*^- h U * A7k»» (10ml) 
5 ISfnftifiTk (10 mL) TfJjfe^Ux h U ^A7?*g***-ti:fco » 

I^IETn }lf£Mbl^2 0&f#£ o (8 8 mg, 9 6%): 

1 HNMR (DMS0-d 6 ) <5 2 . 58-2. 61 (2H, t , J=7 . 0Hz) , 3.49-3.53(2H 3 m), 
3.94(3H,s), 3.98(3H,s), 6.96(1H,d, J=1 .0Hz), 7.37(1H,d, J=0.6Hz), 
10 8.37-8.39(1H,t,J=6.0Hz) J 10.9(1H,s). 

MM&MMJ 0 : 2-^n±>MM& 22a, 22bm=M£L&M£M 

\Y>S%2 1 (1. 0g, 3. 47mmol) §35ml ©Jfifb*?- 
U > Ul N N-t e r t-Z7 h*5>7JJU/tf— JUn^b >i/*7 5 > 

15 (0. 5 6g, 3. 47mmol) s n-h U7?il/7^> (2. Om 
L , 8 . 3 m m o 1 ) 2 - ^ □ □ - 1 - y ^ ;U tf U 5>"— A 3 - 5>" K ( 
1. 1 g, 4. 16mmol) lliDifec * (2 OmL) i:ISfn^±g7K 

7?jjt^« s mm- h u ^A-^*g«*-t!:«jETaitt&fTofco mm** 

7 D7 h ^77 -7?»8 Ufb^* 2 2 a Iflfco (1. 3g x 8 
20 7% ). 

22a: 

1 HNMR (DMS0-d 6 ) <5 1 .37(9H,s) , 3.09(2H,m), 3.72(3H,s), 
4.38-4.80(8H,s), 6.85(1H, t), 7.84(1H, t). 

25 

2 2 a h|W|lia)^>£Tfs N-t e r t-7 h * 5>7J - ;Hl5=- U >v 
7$>tftit N-t ert-7 h * v7J JUtK " ;U ^ □ tf U >v"7 5 > 
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22b: 

1 HNMR (DMS0-d 6 ) 6 1.38 (9H, s) , 1.57-1.63 (2H, m, J=6.8, 7.1 Hz) 
, 2.97-3.01 (2H, q, J=6.3, 6.6 Hz) , 3.14-3.18 (2H, q, J=6.3 Hz) 
5 , 3.72 (3H, s) , 4.37-4.44 (4H, m) , 4.71-4.81 (4H, m) , 6.81-6.83 
(1H, t, J=5.6 Hz) , 7.77-7.80 (1H, t, J=5.6 Hz) , 

MM&MMJ 1 L7^_n±>MM&: 23a, 2ZbRXf23c(D— 

it-Sty 22a (1 0. 5 g , 2 0 m m o 1 ) )l (200m 

10 ,1)i:»iU 0. 5 M?kmit± h U 0 ixTkSJ* ( 2 0 0 m 1 , 4 0 m 
mol ) feints 8 0°CTr1 2 ftHHftft U fz.'& N ISHIlfco oou 

f b> ( 2 2 0 ml) > )l 

15 (3. 5g,22. 8mmo1) N hUx7 c il7$> (1 0. 8 ml, 7 
7 . 5 mm o 1 ) h2-£ □ n-1-/f Jba K ( 6 . 7g,27. 4m 

moi) %7 )i^'>mmm,T\zim?Lfro 2mmmw&, 

U ±j>f □ v s -r -&jbut»« UbB^ 2 3ai 

20 fe(8. 7g,85%) 0 

1 HNMR(CDC1 3 ) ff1.18-1.2K3H, t, J = 7.1 Hz ) 1.32(9H, s ), 
2.59-2.6K2H, t, J = 6.3 Hz ), 3.32(2H, m), 3 . 42-3 . 45(2H, dd, J = 
5.4 Hz ), 3.57-3.60(2H, dd, J = 6.3 Hz ), 4. 07-4. 12(2H, dd, J = 7.1 
25 Hz ), 4.27(3H, t, J = 2.0 Hz ), 4. 29-4. 30(3H, t, J = 1.8 Hz ) 4.46(4H, 
d, J = 1.5 Hz ), 5.89(1H, m ), 7 . 34-7 . 37(1 H, t, J = 1.8 Hz ), 
7.55-7.57(1H, t, J = 1.8 Hz); 13 CNMR(CDC1 3 ) 6 14.0, 28.2, 33.9, 35.3, 
40.2, 40.5, 60.4, 70.4, 70.5, 70.9, 71.0, 77.6, 78.0, 78.9, 156.5, 
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170.4, 170.5, 172.2 MS m/z calcd for C 23 H 34 FeN 3 0 6 + : 516.17970 , found 
516.23203. 

it^tyi) 2 3 b £ 2 3 cl±±|3(D— jRW^J56St(i£U N 2 2 ah 2 2 

5 b zmmteys. j ^zlxtjis £&!&$-&% z tumfro 

23b: 

1 H NMR (500 MHz, DMSO) <5 1.16-1.19 (3H, t, j =7 . 1 Hz) , 1.38 (9H, 
s) , 1.75-1.78 (2H, m, j=7.1 Hz) , 2.35-2.38 (2H, m) , 3.09-3.11 
10 (2H, m, 7=5.9, 6.1 Hz) , 3.18-3.23 (2H, q, j=5.9, 6.1, 6.6 Hz) , 
4.03-4.08 (2H, q, 7=7.1 Hz) , 4.29-4.31 (4H, m) , 4.69-4.72 (4H, 
m) , 6.90 (1H, t) , 7.86-7.88 (1H, t, j=5.6 Hz) , 7.90-7.92 (1H, 
t. j=5.6 Hz) 
23c: 

15 1 H NMR (500 MHz, DMSO) <5 1.18-1.21 (3H, t, j =7 . 1 Hz) , 1.38 (9H, 
s) , 1.59-1.62 (2H, m, j=7.1 Hz) , 2.56-2.59 (2H, t, j=6.8 Hz), 
2.97-3.01 (2H, q, j=6.6 Hz) , 3.15-3.19 (2H, q, j=6.6, 6.8 Hz) , 
3.39-3.43 (2H, q, j=6.6, 7.1 Hz ) , 4.07-4.11 (2H q, j=7.1 Hz ) , 
4.28-4.30 (4H, m, ) , 4.69-4.70 (4H, m) , 6.81-6.83 (1H, t) , 

20 7.82-7.85 (1H, t, j=5.9 Hz) , 7.96-7.98 (1H, t, j=5.8 Hz) 

WM£MMJ 2: 7iB-b>SSift 24a, 24bRXf24c<D-fflL$><&j£-%m 
fb^tl2 3a (2. 0g,3. 88mmo 1 ) (39m 
1 ) O . 1 M?XIt<b^ h U O l±7k}%ffi ( 4 1 m 1 , 4 . 0 7 

25 mmol) 4iPi N IITJ1 2^IBI9H*UfcoSiBi:SUfeax 1 Nig. 
m^m^P H 3 . O h Lfeo *T?2fcJ*Lx m^M & 0i|Xftte7K«t^- h 

~? 4 -§fflUTiiU2 4af#fc ( 1 . 84g,97%) 0 
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1 HNMR(DMS0-d 6 ) 61.37 (9H, s ), 2.49-2.53(2H, m), 3. 07-3. 10(2H, dd, 
J = 6.1 Hz), 3.19-3.22 (2H, dd, J = 6.1 Hz ), 3.36-3.40 (2H, dd, 
J = 6.3 Hz ), 4.28-4.29(4H, t, J = 1.7 Hz ), 4. 69-4. 71 (4H, m), 
5 6. 91-6. 94(1 H, t, J = 5.6 Hz ), 7 . 83-7. 86(1 H, t, J = 5.7 Hz ), 
7.93-7.95(1H, t, J = 5.4 Hz ), 12.25 (1H, s ); 13 CNMR(DMS0-d 6 ) 6 
28.5, 34.3, 35.5, 38.8, 69.8, 71.7, 71.8, 72.2, 77.8, 77.8, 77.9, 
79.4, 155.9, 168.7, 168.8, 173.3. MS m/z calcd for C 22 H 30 FeN 3 0 6 + 
:488. 14840 , found 488.22584. 

10 

it-Sto 2 4 b £ 2 4 c \±±tE-m&0^mizm^ fbl^#j£ 23bh2 

3 c zmmzm^z ^ turn too 

24b: 

15 1 H NMR (500 MHz, DMSO) <5 1.38 (9H, s) , 1.72-1.77 (2H, m, J=7.1, 
7.3 Hz) , 2.28-2.31 (2H, t, J=7.3 Hz) , 3.08-3.11 (2H, q, J=6.3 Hz) 
, 3.18-3.24 (4H, m, J=6.3 Hz) , 4.29-4.30 (4H, s) , 4.69-4.72 (4H, 
m) , 6.91-6.93 (1H, t, J=5.6 Hz) , 7.87-7.92 (2H, m, J=5.6, 5.8 Hz) 
, 12.1 (1H, s). 

20 24c: 

1 H NMR (500 MHz, DMSO) <5 1 .38 (9H, s) , 1 .59-1 .63 (2H, m, J=6.8 Hz) 
, 2.97-3.01 (2H, m, J=6.6 Hz) , 3.15-3.19 (2H, q, J=6.6, 6.8 Hz) 
, 3.36-3.40 (2H, m, J=6.8 Hz) 4.28-4.29 (4H, t) , 4.70-4.72 (4H, 
m) , 6.81-6.83 (1H, t, J=5.6 Hz) , 7.81-7.83 (1H, t, J=5.9 Hz) , 
25 7.92-7.94 (1H, t, J=5.4 Hz) , 12.2 (1H, s) . 

MM&MMJ 3: Zx£l>||M 25a, 25bJ8LV2Sc<D-i8L&)&j$.?Tfe 
it&ta 15(1. 64g,3. 28mmol)l^;-JK13. 
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1ml) IZ&mmt. 10% Pd/C§ (1 64mg) jjjQiU ?kmB 

mn,T-r: 4 mmmwz fro -tz^-r h»$fliz«fc 1 o% p 

d/C&P*ib, »«*aETiil;fco lUTs mfcXTls> (3 2 
.8ml) l;r}§8?£-feHb-£#l 24a (1. 60g,3. 2 8 mm o 1 ), 
5 DCC ( 7 4 4 m g , 3 . 6 1 mmo 1 )ht Fn + v^>y h'JJV- 
;U ( 4 8 8 m g , 3 . 6 1 m m o 1 ) >&iP^ s ^}^Tr1 B#P B ^t^ U fee ^ 

h ^7 -f -feffl^TttfSSi L 2 5a£f#7c (2. 5 2 g , 8 2 %) D 

10 

1 HNMR(DMS0-d 6 ) <51.37(9H, s), 1 . 70-1 . 73(2H, t, J = 7.1 Hz ), 2.42(6H, 
s ), 2.55-2.6K4H, m ) , 3 . 09-3 . 47 ( 1 6H , m ), 3.80(3H, s ), 3.83(3H, 
s ), 3.95(3H, s ), 4.28-4.29(4H, m ), 4. 71-4. 73(4H, m ), 6.92 (1H, 
d, J = 1.5 Hz), 6.94(1H, d, J = 1.7 Hz), 7.21(1H, d, J = 1.7 Hz), 

15 7. 29(1 H, d, J = 1.5 Hz), 7.51 (1H, s ), 7.88-7.91 (1H, t, J = 5.5 Hz 
), 8.00-8.0K1H, t, J = 5.5 Hz ), 8. 14-8. 16(1H, t, J = 5.4 Hz ), 
8.31(1H, s ), 9.95(1H, s ), 10.23(1H, s ); 13 CNMR(DMS0-d 6 ) 6 26.1, 
28.4, 35.0, 36.0, 36.0, 36.2, 36.4, 36.6, 43.9, 56.2, 69.8, 71.7, 
77.8, 77.9, 79.3, 104.3, 104.8, 114.9, 118.1, 119.3, 121.4, 122.0, 

20 122.3, 123.3, 134.3, 136.2, 155.9, 158.8, 161.4, 168.1, 168.7, 168.8. 
MS m/z calcd for C 44 H 59 FeN 12 0 8 + : 939. 39282 , found 939.2523. 

it-SMi 2 5 b £ 2 5 c(±±SB-*ftW^fiftt$e^x lb^%£ 2 4 b t 2 

4 c & m&iz.m^& zt-emtco 

25 

25b: 

1 H NMR (500 MHz, DMSO) <5 1.38 (9H, s) , 1.59-1.63 (2H, m, j=7.1 Hz) 
, 1.81-1.84 (2H, m, j=7.3 Hz) , 2.14 (6H, s) , 2.23-2.26 (2H, t, 
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3=7.1 Hz) , 2.31-2.34 (2H, m, j=7.3 Hz) , 3.09-3.12 (2H, m, j=5.9 
Hz) , 3.17-3.25 (6H, m) , 3.80 (3H, s) , 3.84 (3H, s) , 3.97 (3H, 
s) , 4.32 (4H, s) , 4.70-4.73 (4H, m) , 6.89-6.93 (3H, m, j=1.7, 
1.9 Hz) , 7.22 (1H, d, j=1.7 Hz) , 7.28 (1H, d, j=1.7 Hz) , 7.53 
5 (1H, s) , 7.89-7.94 (2H, m, j=5.6, 5.9 Hz) , 8.09-8.11 (1H, t, j=5.6 
Hz) 9.88 (1H, s) , 9.95 (1H, s) , 10.22 (1H, s) 
25c: 

1 H NMR (500 MHz, DMSO) 6 1.38 (9H, s) , 1.58-1.64 (4H, m, j=6.8, 
7,1 Hz) , 2.14 (6H, s) , 2.23-2.26 (2H, t, j=7.1 Hz) , 2.56-2.58 

10 (2H, t, j=7.1 Hz) , 2.98-3.02 (2H, m, j=6.3, 6.6 Hz) , 3.16-3.21 
(4H, m, j=6.3, 6.6 Hz) , 3.43-3.47 (2H, m, j=6.6, 6.8 Hz) , 3.80 
(3H, s) , 3.84 (3H, s) , 3.97 (3H, s) , 4.28-4.29 (4H, m) , 4.71-4.73 
(4H, m) 6.81-6.83 (1H, t, j=5.6 Hz) , 6.89 (1H, d, j=2.0 Hz) , 6.93 
(1H, d, j=2.0 Hz) , 7.22 (1H, d, j=1.7 Hz) , 7.30 (1H, d, j=1 . 7 Hz) 

15 , 7.52 (1H, s) 7.83-7.85 (1H, t, j=5.9 Hz) , 7.96-7.97 (1H, t, j=5.6 
Hz) , 8.08-8.11 (1H, t, j=5.6 Hz) , 9.95 (1H, s) , 9.97 (1H, s) , 
10.23 (1H, s). 

MM&MMJ 4: y =.nlz>ffimte 26a, 26b^7J'26c(73— fe^}^-^^>^ 
20 it Sty 25a (1. 5g,1. 6mmol ) ^1 0%h l J7Jl,tnS 
Wl/i&ibXTl' > (25. 3ml,32mmol) t*«P*-l±x ^i&Tf 5 

m^xmmL 2 6 a£f#7=: ( 1 . 04g,78%) o 

25 

1 HNMR(CDC1 3 ) <5 1.66-1. 71 (2H,m) J 2.20(6H, s), 2. 35-2. 38(2H, t, J = 
Hz ), 2.74(2H, s),2.97(2H, m), 3. 39-3.40(2H, m ), 3.47(2H,m), 
3.69(2H,s), 3.84(3H, s ), 3.87(3H, s ), 3.97(3H, s ), 4.27(2H, s 
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), 4.3K2H, s ), 4.58-4.60(4H, d,J= ), 6.70 (1H,s), 6.90(1H,s), 
7.20(1H,s), 7.23(1H,s), 7.38(1H, s ), 7. 45-7. 46(1H, m), 7.76(2H, 
m), 7.83(1H, m ), 9.07(1H, br ), 9.2K1H, br ), 9.88(1H, s ); MS 
m/z calcd f orC 39 H 5l FeN 12 0 6 + :839. 34039 , found 839.33831. 

5 

fb£^2 6bh26 cl£±t2-m#)<&mzm^ it^^^ 2 5 b £ 2 

5 c zmmizm^z zt-nmfeo 

26b: 

10 1 H NMR (500 MHz, DMSO) <5 1.58-1.64 (2H, m, j=7.1 Hz) , 1.80-1.85 
(2H, m) , 2.14 (6H, s) , 2.23-2.27 (2H, t, j=7.1 Hz) , 2.31-2.36 
(2H, m, j=7.1 Hz) , 2.69-2.72 (2H, t, j =6 . 6 Hz) , 3.17-3.23 (6H, 
m) ,3.81 (3H, s) , 3.84 (3H, s) , 3.97 (3H, s) , 4.29-4.33 (4H, m) 
, 4.70-4.73 (4H, m) 6.88 (1H, s) , 6.93 (1H, s) , 7.22 (1H, s) , 

15 7.29 (1H, m) , 7.53 (1H, s) , 7.86-7.88 (1H, t, j=5.6 Hz) , 7.92-7.97 
(2H, m) , 8.10-8.12 (1H, t, j=5.6 Hz) , 9.90-9.91 (1H, d) , 9.97 
(1H, s). 
26c: 

1 H NMR (500 MHz, DMSO) <5 1.59-1.62 (4H, m) , 2.14 (6H, s) , 2.23-2.26 
20 (2H, t, j=7.1 Hz) , 2.57-2.59 (2H, t) , 3.19-3.20 (2H, m) , 3.24-3.25 
(2H, m) , 3.45-3.47 (2H, m) , 3.80 (3H, s) , 3.84 (3H, s) , 3.97 
(3H, s) , 4.29 (4H, s) , 4.71 (4H, d) 6.89 (1H, d, j=1 . 5 Hz) , 6.94 
(1H, s) , 7.22 (1H, s) , 7.30 (1H, s) , 7.53 (1H, s) , 7.93-7.95 
(1H, t, j=5.4 Hz) 7.99-8.10 (2H, m, j=5.1 Hz) , 9.99-10.02 (1H, m, 
25 j=5. 1 Hz). 

mU'&f&M 1 5 :Po1vamide (28) 

1bl=r#) 1 5 ( 8 0 6 m g , 1 . 6 1 mmo 1 ) (6. 5 
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m 1 ) 10% Pd/C (80. 5mg) SiDi N ?kmm 

mm.T-c4mmmw$-&fco -t?^ haai:«k ■3KfS2fcfr& 1 o% p 

d/C &P&5feU N JS««:«ffiTB*Ofco l^ts ±I1b*^U > ( 1 6 
m 1 ) izmm^-tt 2 - N- Boc-4-N-Fmo c - 2 , A-VT 5 
5 y i&St ( 7 1 0 m g , 1 . 61mmolKDCC(332. 2 m g , 1 . 
61mmol)i:hh*D + v^>yF l J7y-JK21 7. 5 m g , 1 . 
6 1 mm o 1 ) &*Qx. N B#(HH»# U 7c 0 »F*3t*ftti L7c6&^ 

f*&MS'J U ocJUT 5 % tT^ U v > / ^-JU/tOUAT 7 5 K( 2 7 . 
7ml, 16. 1 mm o 1 )£in;U ^>STr3 O^H^Lfeo 7kTr>ft>t 

f#fe ( 4 5 3 m g , 4 2 %) Q 

1 HNMR(CDC1 3 ) 6 1.44(9H, s), 1 . 71-1 . 76(2H , t, J = 6.3Hz), 
15 1.91-1 .98(2H, t, J = 6.3Hz), 2.26(6H, s), 2 . 41-2 . 44(2H, t, J = 
6.3Hz), 2.90-2.95(2H, m), 3 . 44-3 . 47(2H, dd, J = 5.7 Hz), 3.83(3H, 
s), 3.91(3H, s), 4.01(3H, s), 4.52(1H, s), 6.46(1H, s), 6.63(1H, 
s), 6.67(1H, s), 7.15(1H, s), 7.26(1H, s), 7.37(1H , s), 7.77(1H, 
s), 8.24(1H, s), 9.10(1H, s), 9.64(1H , s). MS m/z calcd for 
20 C 31 H 4 8Nn0 6 + : 670.37890 , found 670.33883. 

MM&MM 1 6 : Polvamide (29) 

mm IZ it ^ 10 (303. 6mg,0. 772mmol) &i£fb* 
=5- U > ( 7 . 0ml) IZ>S#£-£ X S/V V^n ^ > ( 0 . 

25 239ml,1.404mmol)h 0-(^>V/ h U 7V-ih^ JU)- 
N,N,N ',N' -xh^/fi^D-^A ^ + -y-7i^D7^^7i 
- h (532. 5mg,1. 404mmol) &Anx. N M;S7:3 0#H 

fil^ufeo oo'ut, ±&{b^ u > ( 7 . omi) \zmm$-&fcibtitfo 

34 



WO 2005/087784 



PCT/JP2005/003440 



1 9 (470mg,0. 7 0 2 m m o "I ) &iniL N 1 B#HI8l#;*-&fco 
£ffa d hTMbl^tJ 2 9 ( 6 7 3 m g , 9 4 %) Q 

5 

1 HNMR(DMS0-d 6 ) <5 1 .34(9H,s), 1 . 70-1 . 73(2H , t, )1 . 75-1 93(2H, m) , 
2.41(6H,s), 2.61(2H.ra), 3. 19-3.22(2H,dd, J = 1.7 Hz), 
3.27-3.37(2H,m), 3.80(3H,s), 3.83(3H,s), 3.85(3H,s), 3.92(3H,s), 
3.96(3H,s), 3.98(3H,s), 4. 08-4. 13(1H,m) 6.94(1H,d, J = 1.5Hz), 

10 6.97(1H, s), 7.02(1H,s), 7.16(1H,d, J = 1.5 Hz), 7.22(1H,s), 
7.26(1H,d, J = 1.2 Hz), 7.37(1H,s), 7.38(1H,d, J = 1.5 Hz), 
7.49(1H,s), 7.53(1H,s), 7 . 97-7 . 80(1 H, ,t, J = 5.5 Hz), 
8.15-8.17(1H,t, J =5.5 Hz), 9.94(1H,s), 9.99(1H, s), 10.27(1H,s), 
10.34(1H,s), 10.36(1H,s); 13 CNMR(DMS0-d 6 ) 5 26.1 , 28.4, 32.2, 35.1 , 

15 35.3, 35.7, 36.3, 36.4, 36.5, 36.6, 38.4, 43.9, 52.6, 56.1, 78.4, 
79.4, 104.4, 105.0, 106.1, 114.5, 115.0, 118.2, 119.5, 119.7, 121.4, 
121.7, 121.9, 122.1, 122.4, 123.3, 126.6, 127.2, 134.2, 134.4, 136.2, 
136.2, 138.9, 155.6, 155.9, 156.3, 158.9, 158.9, 161.4, 169.4. MS 
ra/z calcd for C 47 H 63 N 18 0 9 + : 1023.50254 , found 1023.49821. 

20 

mmmz : Ib^l 1 a, 1 b, 1 gftjtl2 L *^M±3>=Mt££M 
it^^i 1 a.(D^J& 

fb^2 6a (1 87. 6mg,0. 4 7 7 mmol) ^i|fb/fl/> 
( 4 . 7 7 m 1 ) l3}§P£-t±s VZfu ¥)Ijl^)17 5 > ( O . 16 
25 2 m 1 , O . 9 4 7 m m o 1 ) h O - ( ^ > V h 'J T V - )l - 4 )l ) - 
N,N,N ',N' V □ — ^ A ^=*FV-Z7 )lj-U7 * X7 

- h (361. 8mg,0. 954mmol) £AQ;t N m^T: 3 0 &m 
mWLtzo -oolNT. Jfifb*^U> (4. 8ml ) lZfeM$ •itltib&W 
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1 0 (400mg,0. 4 7 7mmol ) %iDx^b!:1 B# 

fee 7KTr}$fe>^L. W«|jl*l5lJ|X^ N m*mm± m *A-V&tikbfei&%: 

<b-£*$J 1 a ( 3 4 9 m g , 6 1 %)«, 

5 

1 HNMR(DMS0-d 6 ) <5 1 . 59-1 . 65( 2H, m ), 2.15( 6H, s ), 2.26-2.28( 2H, 
t, J = 7.1 Hz), 2. 56-2. 59( 2H, t, J = 7.0 Hz ), 3. 18-3. 22( 2H, m,), 
3.37-3.50( 6H, m), 3. 81 ( 3H, s ), 3.83( 3H, s ), 3.85( 3H, s ),3.94( 
3H, s ), 3.97( 3H, s ), 3.99( 3H, s ), 4.27-4.30( 4H, m), 4.73( 4H, 

10 s), 6.88(1H, d, J = 1.7 Hz), 6.94(1H, d, J = 1.5 Hz), 7.02( 1H, s 
), 7.16(1H, d, J = 1.7 Hz), 7.19(1H, d, J = 1.5 Hz), 7.26(1H, d, 
J = 1.7 Hz), 7.35-7.36( 2H, m), 7.46( 1H, s ), 7.49( 1H, s ), 
7.86-7,87( 1H, t, J = 5.6 Hz), 7. 91-7. 93( 1H, t, J = 5.5 Hz), 
7.98-7.80( 1H, t, J =5.5 Hz), 8.05-8. 08( 1H, t, J = 5.7 Hz), 9.77( 

15 1H, s ), 9.88( 1H, s ), 10.03( 1H, s ), 10.06( 1H, s ), 10.19( 1H, 
s ); 13 CNMR(DMS0-d 6 ) <5 27.2, 35.1, 35.1, 35.3, 36.0, 36.1, 36.2, 36.4, 
36.5, 37.4, 38.8, 39.0, 45.3, 57.3, 69.8, 71.7, 71.8, 77.9, 78.0, 
79.3, 104.1, 104.8, 106.1, 114.6, 114.9, 118.0, 119.4, 119.6, 121.4, 
1221.7, 122.2, 122.3, 122.4, 123.5, 126.6, 127.2, 134.1, 134.4, 

20 136.2, 138.9, 155.9, 156.3, 158.9, 158.9, 159.2, 161.2, 168.2, 168.6, 
169.0. MS m/z calcd f orC 55 H 66 FeN 19 0 9 + : 1192.46403 , found 1192.37089. 

<b£^1 bt 1 cl±±ffi-«ft£-j*l£fl£lK fb£r#j2 6 aCDttfcDlZ 
<bl=r^ 2 6 b £ 2 6 c Zmmzm^Z Z i:T?ffeo itS^ 2 l±_tfB— « 

25 &o^mizm^ ib-e>ty)% 2 6 a t 2 0 zmmzm^z z t.-nmfc 0 

1b : 

1 H NMR (500 MHz, DMSO) <5 1.59-1.63 (2H, m) , 1.80-1.83 (2H, m) , 
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2.14 (6H, s) , 2.23-2.26 (2H, t, j=6.8 Hz ) , 2.31-2.34 (2H, t, j=7.2 
Hz) , 3.18-3.23 (4H, m) , 3.44-3.50 (4H, m) , 3.80 (3H, s) , 3.83 
(3H, s) , 3.85 (3H, s) , 3.94 (3H, s) , 3.96 (3H, s) , 3.99 (3H, 
s) , 4.29-4.32 (4H, d) , 4.74 (4H, s) 6.90 (1H, s) , 6.93 (1H, s) 
5 , 7.04 (1H, s) , 7.16 (1H, s) , 7.22 (1H, s) , 7.28 (1H, s) 7.39 
(1H, m) , 7.50 (1H, s) , 7.53 (1H, s) , 7.91-7.93 (1H, t, j=5.0 Hz) 
, 8.04 (1H, t) , 8.11-8.12 (1H, t, j=5.1 Hz) , 8.14-8.16 (1H, t, 
3=5 . 3 Hz) , 9.89 (1H, s) , 9.98 (1H, s) , 10.23 (1H, s) , 10.24 (1H, 
s) , 10.38 (1H, s). 

10 

1c: 

1 H NMR (500 MHz, DMSO) 6 1.58-1.63 (2H, m, j=7.1 Hz) , 1.72-1.75 
(2H, m, j=6.7 Hz) , 2.13 (6H, s) , 2.22-2.25 (2H, t, j=7.1 Hz) , 
2.56-2.58 (2H, t, j=7.0 Hz) , 3.17-3.21 (2H, q, j=6.1, 6.6 Hz) , 

15 3.22-3.26 (2H, q 5 j=6.1, 6.6 Hz) , 3.44-3.48 (2H, q, j=6.1, 6.8 Hz) 
, 3.80 (3H, s) , 3.83 (3H, s) , 3.85 (3H 3 s) , 3.94 (3H, s) , 3.96 
(3H, s) , 3.99 (3H, s) , 4.30-4.32 (4H, m) , 4.72-4.75 (4H, m) , 
6.89 (1H, d, j=2.0 Hz) , 6.92 (1H, d, j=1.7 Hz) , 7.03 (1H, d, 3 = 1-7 
Hz) , 7.17 (1H, d, j=1-7 Hz) , 7.21 (1H, d, 3=1 - 7 Hz) , 7.30 (1H, 

20 d, j=1.7 Hz) 7.39 (2H, d, j=2.2 Hz) , 7.50 (1H, s) , 7.52 (1H, s) 
, 7.93-7.95 (1H, t, j=5.9 Hz) , 7.99-8.01 (1H, t, j=5.9 Hz , 8.14-8. 16 
(1H, t, j=5.9 Hz) , 9.97 (1H, s) , 9.99 (1H, s) , 10.24 (1H, s) , 
10.27 (1H, s) , 10.38 (1H, s). 

25 ib&m 2 

1 HNMR(DMS0-d 6 ) <5 1 . 59-1 . 62(2H, t, J=7.0Hz), 2.14(6H, s), 

2. 23-2. 25(2H, t, J=7.0Hz), 2.55-2.60(4H, m), 3. 17-3.21 (2H, m), 

3.35-3.37(2H, m), 3 . 42-3 . 50(6H, m), 3.80(3H.s), 3.83(3H,s), 
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3. 91(31-1, s), 3.93(31-1, s), 3.96(3H, s), 4. 25-4. 26(2H , m), 4.29(2H, 
m), 4.72-4.73(2H, m), 4. 74-4. 75(2H, m), 6.89(1H, d, J=1.8Hz), 
6.93(1H, d, J=1.7Hz), 6.95(1H, s), 7.21 (1H, d, J=1.7Hz), 7.31(1H, 
d, J=1.6Hz) 7.32(1H, s) 7.41 (1H, s) 7.52(1H, s) 7.99-8.0K2H 
5 m) 8.10-8.12(2H, m) 8.34(1H, t, J=6.0Hz) 9.95(1H, s) 10.0(11-1 
s) 10.2(1H, s) 10.2(1H, s) 10.3(1H, s). 

mMMA ■ Fc-PIA 3 (Jb£r#i3) 6Q^)5fe 



it&W} 29 (3001719,0. 2 9 3 mmol) ^20%hU 7 )\,Jr 
10 □ HHfc/ifrfb * 5=- U >(1- 16ml, 2. 9 3 m m o 1 ) lZ»JB£-tK 

U -^A^feJiU)§J«&i^JET®*Lfeo o^HTv i&<b*^U> (2. 
9ml) lZ»A¥£-fcK f>*-r V^n tf^T" 5 > ( 0 . 1 0 m 1 , 0 . 58 
6mmo1 ) s 7int>7Jj^">i (6 7. 4mg,0. 2 9 3 m m o 

15 i ) to- ( ^ > y s u t y - ;u - -I' )l ) - N , N , N £ , N ' - ^ K -7 

— ^f7UD7*^7i-h (1 1 1. 1mg,0 
. 2 9 3 mm o 1 ) £APx. N ^)^Tr 1 0 B#f!R}lft L /c 0 tKTt;^)^ 

jg&v 'J a ^ h 4^:7 -f -&ffll^lliLl^tl3^ffc ( 2 

20 0 4 m g , 6 1 %) 0 

1 HNMR(DMS0-d 6 ) <5 1 . 57-1 . 62(2H, m) , 2 . 12(6H, s) , 2.22-2.24(2H,t, J = 
7.0 Hz), 3.16-3.20(2H,m), 3 . 37-3 . 43(2H, m) , 3.80(3H,s), 3.83(3H,s), 
3.85(3H,s), 3.93(3H,s), 3.96(3H,s), 3.98(3H,s), 4.22(5H,s), 
25 4.36-4.37(2H,m), 4.85 (2H,m), 4.94(2H,m), 6.86(1H,d, J = 1.7Hz), 
6.99(1H,d, J = 1.7Hz) 3 7.02(1H,d, J = 1.0Hz), 7.17(1H,d, J=^.^Wz), 
7.20(1H,d, J = 1.7Hz), 7.28(1H,d, J = 1 .7 Hz),7.37(1H,s), 7.38(1H,d, 
J = 1.7 Hz), 7.49(1H,s), 7.52(1H,s), 7.86-7.87(1H, ,d, J = 1.7 Hz), 
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8.05-8. 10(2H,m), 9.95(1H,s), 10. 04(1H, s), 10.24(1H,s), 
10.25(1H,s), 10.27(1H,s), 10.36(1H,s); 13 CNMR(DMS0-d 6 ) <5 27. 2, 
35.1, 35.1, 35.3, 36.0, 36.1, 36.2, 36.4, 36.5, 37.4, 38,8, 39.0, 
45.3, 57.3, 69.8, 71.7, 71.8, 77.9, 78.0, 79.4, 104.1, 104.8, 106.1, 
5 114.6, 114.9, 118.0, 119.4, 119.6, 121.4, 121.7, 122.0, 122.3, 122.4, 
123.5, 126.6, 127.2, 134.1, 134.4, 136.2, 138.9, 155.9, 156.3, 158.9, 
158.9, 159.2, 161.2, 168.2, 168.6, 169.0. MS m/z calcd for 
C 53 H 63 FeN 18 0 8 + : 1135.44257 , found 1135.43889. 

10 mmm 5 : jtgM 1 a , 2 , &xf 3 <d u a > k t u -rco^-a 

-c(D^mvki£mm-tz> g^-c^ -vy s d n a (5' gact gcg t 

A G G 3 ' /3 ' CTG A C G C A T C C 5 ') ^(Dfatt*. C D X<~<<? 
hJHl«fcot^SUfee ^CD^m^m 2 13^ U7co ^-fb^#J 13 ofc ^, JzIB 
15 D N A(D>it^(DC D7o7^ -JUTrfe^. 0 U»tt^tioT3 0 0 -3 
6 0 n mfcfcl**ftreffi##Ke£*i3o (Pilch, D. S.; Poklar, N.; 
Baird, E. E.; Dervan, P. B.; Breslauer, K. J. Biochemistry 1999 , 
55, 2143-2151 . ) 3 hficfc < £P 6tit^So ^ot^-^>v hDNAffi 
5*iM»» (|»«fJftfl!)«afifel±±SB*lKtfl6ofc) fcSRiP*- £> 3 o 

iii 6 lJml^jl^ aiiki: >/m- (cv) [^^aMi^ia^ 

C VCO{gffllCcj;oT±lBfb^t) (1 ah 3) ©«»fb5*«rt*tt*:fcW 
25 LTc^COigm&llI 3 Z<D&mfrio*ib'&yjff7 □ "fe >g|3^C0 
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[4b 3] 
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10 

W(±— Mj& (III) Tr& K> : 
Lit 4 J 




III 



25 

(-H&5C (II) ^tz-^se (III) 4u uiilil^, *^> s x 
lit Kntv^7 i >!&^t) ; RXf 
Z l±-«5« (IV) XI* ( V ) -efe «9 : 
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5 



10 

lit 61 




20 IO N — J&5£ ( I ) |£fct,\T. V 1 (D7iDt>ttU >Jo -X\£7 il 
□ 4z>-1J' -^^flijco^-arli (-CO-N R 2 -) 7r£>«9. ^MXK 
©^VnSt;Xm©^li (-CO-NH-) ig^fe^fig^-S ) e 
2. n&tfmtf, 3~ 2 0 (Dfgffl© 3 z. £&<&Wl£irZ, If 

25 3. nl£m J; «9 — o'J>& ^tfcTffe £ N sf^Jl 1 Xl± 2 lzmm<Z>7 ^ n-b 

4. 7iot>|ft'J >*-*<J5lTa)— IftSC (V I ) 
1 ~3 GDl>-f ftfr— lItfB«|£D7ic n-fe >fb^#l : 
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15 li^ftS 0 frib 5 STrco^Hfe&^^-) 0 
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6 . j $.l/k # 1 Trfei). If 1 ~ 5 ©UftL^- lIl^fB«)t(D^ ^ 

7 . R R 3 (i7Xmil^'^fe^s If^H 1 ~6CDtN-rtt^-lIl3lBtlc 
6D7xOtMb^o 

8 . ^mn-iz>^U >±> -ftU^T (X) TrSl £ ti£> l&3fcH 1 
~ 3 (D ON-Tti^— II tSBfe© 7 ^ □ -b >fb^tl : 

[<b9] 




1 0. TIBtl^tS; (VIII) T«m$ti%7 m n-br ><bl=r^ : 
C<b 1 0] 



Me 
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1 1 . TaBflSatsS (IX) Tr^^ti§^^nHz>jb^-#) : 
Lit 1 1 ] 




1 2. T!3fit;t5£ (1 b) •e^$ti57int>fb^«l : 
[fb 1 2 ] 
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1 3 . TlBfltatS; (1c) 7?S|**lS-7a:n-b Xb^tt : 

[<bi 3] 



Me 




(lc) 



1 4. TlBHiitsS ( 2 ) 7?S*ti5 7in-bMb^ : 
[<b 1 4] 



Me 
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1 5 . TiB«3£5£ ( 3 ) ^*i57iDt>^«! : 
[<b1 5] 



Me 



5 




10 (3) 



16. T7 □ Hz >*/t>)l>7$>m* 5=-;Us 7 7 $y^o:nHz>±);U7^ , >|t^ 
15 =Hfr£j&£> N If^il 1 ~ 1 5 (DUfti^-iII-IBttG)^ ^ n-b ><b^r#) 

1 7. it 1 ~ 1 5 (D^ftifr— mizmmcDy ^ n-t >{bti^e>^ 

1 9 . it mn 1 7i3»c73 y K^^ffl-r^> zt^^wct-t^. m&m 

(U) ttUrttUT. — i$5£ (I) 4>(Z)Mii&-r^l3i«I^S)§ 
h^-^s If ^111 6lB«C0^?^o 

2 1 . -*m&nfr^vmmt)mm±-?:i : ft>tiz> z tttw&t-t % . it 
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So 

2 2. DNAY^DTM If f II 2 1 IB 

5 23. it*in 8-2 2(D^irfofr-mzmm(D&mft^(Dnmb^#} 

^tB?f>£&ffll^ 1 i&m&m ( S N P ) (D|tth^}io 

2 5. DNA7-f ^□/b-fTS^s If * II 2 4 fEiE<D®S?lfb^$&th 
10 =gmXl£#ffJlo 
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